This study empirically analyzed the determinants of a strategic alliance's stability based on the framework of game theory. We derived motivational cooperation (voluntary cooperation) and structural cooperation as management logics within strategic alliances and examined which approach is more effective . We analyed the data from the questionnaires obtained from 55 international joint ventures that had gained ground in 9 advanced countries. The results suggested that motivational cooperation (voluntary cooperation) has a stronger influence on the stability between partners than structural cooperation. As a new discovery, the study suggested that motivational cooperation (voluntary cooperation) and structural cooperation have a trade-off relationship .
Introduction
Strategic alliances have been extensively used as an effective strategic method since the late 1980s . The survey by Booz, Allen & Hamilton, Inc. reported that incidents of strategic alliance among U.S. business enterprises have been growing at an annual rate of 25% , 15% of the total earnings of the top 1,000 U.S. enterprises comes from their strategic alliances, and the more aggressive the enterprise's strategic alliance policy is , the more investment return it gets (Harbison & Pekar Jr., 1998) .
Although M&A has been traditionally used as an efficient strategic method to gain market share and resources, it has become rather difficult to respond to the current drastic changes in the business environment that requires time-critical decisions. This is the reason why strategic alliances are increasingly becoming the center of focus. In the current rapidly-changing environment, today's niche will not necessarily be tomorrow's niche at all. Similarly, an important resource acquired today will not naturally remain important tomorrow. It is becoming essential for enterprises not only to internalize niches and important resources, but also to create new markets and management resources. However, strategic alliances still have a large problem .
That is the fact that the relationship between partners is unstable, and it is always accompanied by the threat of a partner's defect. According to Bleeke & Ernst (1991) , more than 50% of enterprises that have strategic alliances do not achieve the purpose of their partnership and failed to yield expected results. They also reported how vulnerable the alliances are. Moreover, Doz & Hamel (1998) stated that the majority of strategic alliances fail to learn and evolve, and are hit by a serious crisis within three years.
It can be pointed out (Kuwashima, 1996) that one of the reasons why strategic alliances remain unstable is the fact that the relationship between partners within a strategic alliance could be similar to the prisoner's dilemma. Since the prisoner's dilemma is the main focus of game theory, it is important to examine the management issues of strategic alliances with a game theory approach. However, there is very little research that analyzes strategic alliances using game theory except Takahashi (1996) , Shimizu (1996), and Hasegawa (1998) . In particular, there is virtually no empirical research on strategic alliances. Therefore, in this study , the determinants of a strategic alliance's stability will be empirically analyzed based on the framework of game theory. First, we will derive motivational cooperation (voluntary cooperation) and structural cooperation as management logics within a strategic alliance as we follow the framework of Zeng and Chen (2003) Finally, in the conclusion of this study, practical and theoretical implications and challenges for the future will be discussed.
Framework of the Analysis
The Fundamental Nature of the Prisoner's
Dilemma
The fundamental nature of the prisoner's dilemma is this: When they cooperate with each other, they can get both benefit. However, if only one of them defects the other, the defector will get more benefit. This is why both tend to end up betraying each other and get very little benefit. In other words, although the Nash Equilibrium is defect by both sides, they both can gain greater benefit when they cooperate with each other.
For instance, suppose that competitive enterprises A and B decided to have a collaborative product development. Given that there were two strategies;
honestly providing research developments to the partner (cooperation) and keeping important information from the partner (defect) ( Then, what can we do to solve the prisoner's dilemma in strategic alliances? Prisoner's dilemma is a main issue in game theory. In game theory, two approaches are set out. The first one is the "structural approach", and the other is the "motivational approach" (Zeng,M and Chen, X.P., 2003) or "voluntary approach". The "structural approach" is an approach that intends to solve the dilemma by changing the structure of benefit gaining in the game. In short, it means giving the one who chooses to defect some sort of penalty. This approach tries to reward the one who chooses cooperation with an incentive by setting a penalty
system. An approach that intends to change the structure of benefit such as this can be called "structural cooperation" because it tries to develop a cooperative relationship by implementing some sort of enforcement from the outside.
However, structural cooperation could generate a secondary dilemma (Yamamoto, 1997) . In other words, even if some sort of penalty system against defect is instituted, there is no guarantee that all of the partners will comply with it. It is necessary to monitor compliance and put the penalty system into effect in case of noncompliance. These activities naturally incur some expense.
If the amount of expense due to the implementation of the penalty system exceeds the amount of additional gain generated by cooperation, it becomes meaningless to erect the system and impose the regulations (monitoring and implementation of the penalty system). Thus, secondary dilemma issues should be resolved in order to make approaches using structural cooperation effective.
The "motivational cooperation" or "voluntary cooperation" is a method to solve the dilemma issue voluntarily without using any structural means.
Motivational cooperation (voluntary cooperation)
becomes effective when a game is repeated infinitely.
When a game is finite, it does not matter if it is played once or 1000 times, defect is always chosen. Since players do not have to consider continuous cooperation for the sake of the future when a game is finite, they end up choosing to defect in the last game. It is obvious that players would choose to defect in the last game, as long as a game is finite. Continuing to defect from start to finish becomes the best strategy no matter how many times it is repeated. Therefore, as long as a game is finite, defect is always chosen, and cooperation will not emerge.
As just described, players gain more profit with defect in a finite game. However, players gain mutual benefit in an infinite game when they choose cooperative strategy, if certain conditions are fulfilled. This is generally known as the Folk Theorem. According to Folk Theorem, players gain more profit with cooperative strategy than with defective strategy when a discount rate that is obtained by discount future values from the current value is sufficiently high.
The result of the simulation study by Axelrod (1984) showed that a cooperative strategy called "Tit for Tat" eventually makes a group most stable. The players who employed the Tit for Tat strategy became the most dominant in the group by cooperating and enhancing their benefit to each other. This Axelrod study confirmed that it is possible to form a cooperative relationship among selfish players without any enforcement from the outside such as a penalty system.
As described above, there are essential conditions such as an infinite term of alliance and a sufficiently high discount rate. Since many alliances in the real world do not have a certain term, the key issue is how to elevate discount rate.
The structural and motivational approaches to stabilizing strategic alliances were discussed above. Now, we examine which approach is more effective. In terms of category of industry, 20 joint venture companies (36%) were in the car or car parts industry.
The investment ratios of the local partners were between 10% and 83% with the average of 39.9%.
However, 21 companies had an investment ratio of between 50% and 60%. Then 29 companies had an investment ratio of 50% or less, and the distribution was not even.
In terms of country, they had gained ground. The top of the list (45 companies) was the U.S.A., accounted for about 80% of the total. The fact that 80 of the 154 companies which were picked to send the questionnaires were based in the U.S. could explain this. Regarding the relationship between the headquarters, 22 companies had either a capital alliance or a business alliance counting about 40% of the total. And 37 companies (about 70% of the total) had a competitive relationship between the partners, and it suggested that the majority were horizontal joint ventures.
These results showed that the overall picture of international joint ventures that had gained ground in the U.S. and Europe is 1) They have about 10 years of venture period; 2) They are medium sized companies; 3)
They are in the industry of car or car parts; 4) The investment ratio of Japanese partners is 50% or more;
and 5) They are horizontal joint ventures.
Measures
In this study, three measurement scales were adopted: stability of strategic alliances, motivational cooperation (voluntary cooperation), and structural cooperation. The 7 point Likert Scale was used with "Not at all"=-3 points, "N either"=0 point, and "Absolutely, yes"=3 points. 1) Stability: The scale described below wasoriginally developed mainly to measure the possibility that one of the partners would withdraw from the venture business. "Th ere is currently no possibility that one of the partners would withdraw from the venture business." (STAB1) "The partner relationship is stable and is expected to be maintained in the future." (STAB2) "There are no incidents such as an intensive conflict of opinion between partners." (STAB3) 2) Motivational cooperation (voluntary cooperation): It was created based on the scale developed by Anderson and Narus (1990) . "Th e cooperative system between partners is mutually-beneficial and meets the company objectives." (INTRIN1) "Th e partners are cooperating with each other in order to enhance mutual benefit." (INTIRN2) 3) Structural cooperation: The scale described below was originally developed to measure the amplitude of the penalty against a partner's defect and the intensity of pressure from the partners in order to maintain the cooperative relationship. "If one of the partners takes a non -cooperative action, some sort of penalty will be applied." (PENAL1) "There is strong pressure by the partners to maintain the partner relationship." (PENAL2)
Results
Covariance structure analysis was used to measure the influence of motivational cooperation (voluntary cooperation) and structural cooperation on the stability of strategic alliances.
First, the appropriateness of the model was examined. According to Table 1, x2 was 11.69, and it was not statistically significant. Thus, the null hypothesisof "Thi s model is adequate." was adopted. RMR was 0.06 and smaller than 0.1. GFI was 0.91 and larger than 0.9. AGFI was 0.76. And the difference between GFI and AGFI was as little as 0.15. These results suggested that this structure model has a high fit index. Secondly, the relationship among the unobserved variables based on Table 2 was examined. Motivational cooperation (voluntary cooperation) had a positive influence on stability (B=0.91,p<0.001). Structural cooperation also had a positive influence on stability(B= 0.46,p<0.001). These results showed that both motivational cooperation (voluntary cooperation) and structural cooperation have a positive influence on the stability of international joint ventures. Then, which one has a stronger influence on the stability of international joint ventures? When the degree of influence was examined using a standardized path coefficient (13), Motivational cooperation (voluntary cooperation) was 0.91 and structural cooperation was 0.46. Therefore, it showed that the influence of motivational cooperation (voluntary cooperation) is twice as strong as structural cooperation. This result shows that motivational cooperation (voluntary cooperation) is more effective in stabilizing a strategic alliance than structural cooperation.
Next, the relation between motivational cooperation (voluntary cooperation) and structural cooperation was examined. Table 2 showed that they had significant negative correlation (r=-0.32,p<0.05).
This means that motivational cooperation (voluntary cooperation) and structural cooperation have a trade-off relation with each other.
This trade-off relation between motivational cooperation (voluntary cooperation) and structural cooperation is correspondent to the proposition in intrinsic motivation theory (Deci, 1975) , and a new discovery in this study. (Kollock,1993; Wu and Axelrod,1995) .
These experiments showed that a partnership becomes less stable and is dominated by non-cooperative relations when noise is extremely high. In other words, strategic alliances become unstable in an environment with high uncertainty because one can not accurately comprehend the strategy its opponent took or adopt its best strategy well. In this study, the influence of the environment was not considered, and its uncertainty was not simulated.In the future, it is necessary to investigate if motivational cooperation (voluntary cooperation) is also effective in an environmental uncertainty. In addition, a trust between partners can be considered as an important effect factor under uncertain environment. An analysis with this point of view will be needed in the future as well.
Secondly, analyses suggesting how motivational cooperation (voluntary cooperation) can be enhanced
were not included in this study. Only amplitude of motivational cooperation (voluntary cooperation) and structural cooperation were measured here. Factors that might influence motivational cooperation (voluntary cooperation) such as "discount rate" that implies future expectation and perspective between partners and length of alliance period were not considered. Neither organizational factors that have an influence on these factors were taken into account. They are also issues to be examined in the future.
Thirdly, the validity of the measurement scales and the number of samples can be pointed out. This study was a pilot study, and repetitive examinations will be needed to validate the scales used in the analyses. There was also a limitation in the multivariable analysis inthis study because the number of samples was 55, which is rather small. Analyses with a larger number of samples should be conducted in the future.
